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ABSTRACT 

This experiment investigated the significance of 
spontaneous occurrence of number symbols in the drawings of 86 (23 
male pairs and 20 female pairs) kindergarten children. A comparison 
was made of first grade achievement on the Piaget Number Concept Test 
of students who used alphabetic and numeric symbols in the 
Draw- a-Cl ass room Test in kindergarten with those who did not. The 
results showed no significant difference . in the matched groups. The 
conclusion is that the spontaneous production of number symbols by . 
children in drawings of the classrooms does not necessarily indicate t 
later superiority in number concept ability. Appendixes provide the 
Piaget Number Concept Test and Study of Achievement, Phase 2, Rating 
Questionnaire — Mental. Section (Questions 15 to 29) . (DJ) 
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CHILDREN « S CONCEPT OF NUMBER : THE . SPONTANEOUS 

•PRODUCTION OF NUMBER SYMBOLS IN THEIR DRAWINGS 



INTRODUCTION 



In September, I960, the Research Department 'of the Toronto 
Board of Education began a longitudinal Study of Achievement. . The 



purpcfce was to study extensively the factors' related to school 1 

achievement, to the learning process itself, and in particular, to 

the growth of mental processes in children as these are related to 
- » 

^various areas of the school curriculum. Within t$e framework of its 
purpose a major focus of the' study was the identification of some of 
the effects of junior kindergarten (Palmer, 1966).' *■ 

As one of the techniques for this sttidy, the Draw-a-Classroom 
(D.A.C.) Test was devised in an attest to gain greater insight into 
the perceptions and conceptions of .the child as these are related to 
his school world. It was expected that an "open-ended" request which 
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.asked the child to draw his classroom, would probe the child's school 

« • » 

1 yorld without confining -or distorting (it through direct questioning. 
Moreover, the test could be administered to children of very low 
. - language competence (fqf example] to children in juriior kindergarten). 

■ y . * r . 

, * If insights into the child's world could be acqi^Lred in this manner it 

.if would ber valuable in attempting* to understand -morq fully the achievement 

• i • • . 

-» , • • ■ . S I 

motivation of the 'child within the school settingl , 

^ • * * t . , * 

. < As the drawings of kindergarten children were being coded iVwas 

V . •• > 

observed that, in a number of them, alphabetic and numeric symbols had 

l “ • ■ * . •> \ i 

been depicted in an apparently 'meaniflgful manner. For instance, in some 



of the drawings 1, 2, 3, 4 > ••• was shown while others showed^ d clock, , 



•Complete with the numbers correctly placed. It, was thought that this 
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! • j 

spontaneous occurrence, of apparently meaningful use of number symbols 

before it 6 formal introduction as part of the curriculum might be 

/ J. ' . » V 

predictive of the understanding of the concept of number by the child. 

J An examination of the literature produced no studies which, had 

attempted to answer the question directly. While reading readiness has 

maintained a, high leyel of educational research 1 interest for many years 

with the resultant production ^and standardization of a numbet- of tests. 

• little attention las been focused upon ^.he child who indicates even a 

minimal understanding of the concept oij number. 

» * 
Piaget (1952), however, in his concern with establishing the 

nature and origins of -knowledge has- applied his general theory of epistemic 

development to childrens’- understanding of the concept of number. From * 

^the results of his research he has established three stages of number * 

con'cept development which precede the use of number abstracted from real 

and immediate situations.’ 

At first the child’s judgements of quantity and number in a 
situation are bound by the particular perceptual point of view which the 
child adopts and is likely to change with a transformation of the 

* referents. (objects) . For example, if presented with a short, squat ^ 

bottle', half full of. liquid which is then poiired into a tall, thin bottle, 

* * 

the child will maintain that there is now more liquid. The child’s 
perceptual point of view se§ms ;to be height a nd upon this attribute he makes 

• judgements of quantity. When the perceptual transformation takes place , 

- his judgements of quantity change also.. This stage is referred to as the 
stage of "global comparisons^. It is followed by an \intuitive” stage 
•’ in which the 'child begins to understand, though not clearly or consistently, 
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that judgements of quantity and number cannot be made on the basis of 



reversibility of judgements but can still be performed only on 
perceptually present objects. In this stage the child can now deal with 



Piaget, are the basis of the understanding of number). 

In general, Piaget's procedures have differed from those 
expected by experimental psychologists in North America. Dodwell 
(i960, 1961) has standardized the testing situation, employed a large 
sample and attempted to test the generality and utility of Piaget's 



findings. His results have, by and large,. tended to substantiate those 



understanding of number concepts. 

•The Dodwell materials, seemed well ^suited fpr this investigation 
since the question was one of the predictive power of the spontaneous X 
production of number symbols j^n drawings. 

■*Pitesented formally, -the question becomes, "When tested in Grade onej 
do children who spontaneously produced number symbols in their kindergarten 
drawing" understanding of number concepts than children who 

nol in their kindergarten drawings"? 



perceived attributes alone (i.e. that attributes such 'as quantity and 
number are invariant- under perceptual transformation). The third stage, 
that of "concrete operations", involves -stability, self-consistency, and 



T 



classification and seriation (the two operations which, according to 



of Piaget, and Dodwell 's tedt can be used as a tool to study children's 
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METHOD 



Subjects 



One hundred senior kindergarten students were selected from a 
possible 391 students attending eight Toronto schools in 1962. • (These 
were students for whom reading readiness test scores were available). 

Selection Procedure: The Draw-a -Class room Test was administered 

oh two occasions to all students attending senior kindergarten in 1962. A 

I 

sample of 50 students was selected from this population on the ba-sis of the 
occurrence of number symbols on either of the two administrations of the 
drawing test. An attempt was made to match with each student ih the sample, 50 
other pupils who did not include number symbols in their -drawings . The criteria 

* i- • 

employed in -the 'matching were as follows : . 

1) Age — the mkximum age range of members of a pair , 

was three months; 

2) Sex — members of a 'pair were of the same sex; however, 

both sexes were included in the sample; 

3) School Experience - members of a pair had to have a) attended 

the same school from the inception of the study and 
b) had the same school promotion experience;. 

4) Reading Readiness Score - members of a pair had to scor.e 

within —1 point of each other on the 'Dominion 
Reading Readiness Test (Short Form); . 

5) Rating Questionnaire Score - of a possible 1 to 120 score 

on the Mental section of the Rating Questionnaire 
' ( cf “* Appendix B) members of a pair had to have ^ 

scores within a range 'of ±10 points of each otjie?'; 

6) Socio-economic Status - wherever possibly pairs were 

matched using a seven-point scale baped on father* s 
/ occupation (Holingshead & Redlich, 1958). 



After matching was completed it was found that there was a small 

attrition rate from the original sample. Despite att&mpts^at rematching, 

^the final sample included only ,43 usable pajss, 23 male pairs arid 20 

female pairs. All pairs came from only five of the eight schools 
✓ * • 

originally, selected.. Fdr^convenience^Njthe group comprising students who 
included number symbols in their drawings have been designated Group NS, 

f , * 

while Group NNS refers to those subjects which included no number symbols 
in theii* drawings. ' • . 



Procedure 



The Piagetian .testing situation standardized by Dodwell (i960), r 

here referred to as the "Piaget Number .Concept Test", was used to assess ' 
each subject's understanding of the concept of number (cf. Appendix A). 

Th9 Metropolitan Achievement Test was also -given, as a verification test 
for the findings of /the Piaget Number Concept Test. Four testers were 

. . t , 

i 

used to administer' the tests ‘one year after the D.A.C. test was administered. - 
* A number of precautionary steps had to be taken in ordei/ to insure 
that differences in scores between the two groups of subjects were not due 
^ to differences among schools and testers, since there were two subjects 

to each of the 43 matched pairs coming from five schools, and only four testers. 

O Thus,. the same tester administered the test to ‘both members of a\pair,- and . . 

-» . • • ^ 

O- the selection oft which tester administered the tests to which pairs yras -done 
.on a random basis, with the single -restriction that each “tester had to test 

\J2f • r 

O/, pairs from at least ''two schools. Testers did not know which member of a 

* 

■ t • * V . • 

pair, had included numbers in their drawings . „ 
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Total scores for both the Metropolitan Achievement Test ahd the 

Piaget Humber Concept Test were recorded. Alsq recorded were the score's 

for the Arithmetic section of the Metropolitan Achievement Tqst- and 

the "A" score of the Piaget Number Concept’ Test. The "A" score indicates 

the degree of functioning of the child .within the stage of "global 

comparisons" (see text, p.2). • V * ; 

* \ 
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RESULTS 
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The results for A three of the factors used in the matching 
procedure are shown in Fig. 1, 2, and 3. These curves show the number 
of. subjects in each of the groups at, each s level of a, factor. It is 
apparent frpm these curves that the matching procedure produced ^wo 

groups that, were nearly equal at all levels of these factors. 

* * # 

The saw-tooth pattern 'evident in Fig. 3 showing the distribution of age 



Revels in tK^ two' groups was primarily due to ^he allowance of a three 

7 . *. \. 

^/month range in the ’date of birth of -a matched pair,- the average .-age of 

/ the two groups was almost identical. ... 

From the- scores on each of ‘the tests used, averages were 
v • . . % 

calculated for each group. These average scores are shown in Table 1 . 

The differences between the scores for the matched pairs were^frfialysed 

by means of a "t-test". The results of this analysis are shown also 

* • ' , . - 
in Table 1. An examination of these results indicates quite clearly 

that there are no differences between the groups in their scores on any 

of these testa. . • • ' . 

i; 

“ * Sinoe each group was comprised of 23. males and 20 females it !j 

, - * r • / , || 

was thought that the differences between the groups m^y have Ijeen | { 

* * * * v v i 1 

masked by the use^ of average scores based on Ipoth males and females. 

». “x - • * 






| j 

The sex of the • subject at was therefore used as a- sub- classification and- - 

7' . ; . « I! 

the differences between the matched pairs analysed separately foij*males 

. * ’ *. . .14 

and females. \ The tfestilts of this analysis are shown in Table 2. It is 

s , ‘ . . . •! 

. quiije clear from this analysis . that , /n fact,' - the groups did^not differ 

* I 

even when compared separately according -to sex of the matched pairs. 

; *» 

\. \ - 
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. An examination of the average scores in Table 2 shows that 
for some of. the tests there seemed to be a difference between males 
and females within a group. Further analyses of these scores are 
shown in Table 3. Again it was found through a "t-test" analysis 
that these apparent differences were not statistically significant. 

Table 4 shows the correlations involving the scores 
of all subjects on the measures employed in the study including 
• those employed in. the matching procedure. The purpose of this 

analysis ^s"to establish the degree of relationship among the test 

✓ 

instruments used. That isj : do subjects who score high on one test 
•• tend to score high on any of the other ones, an'cl to whft degree do'es ' 
this relationship hold. A value of 0.00 indicates no relationship 
while a value of |1 ,00| indicates* a perfect positive or negative ' 

r 

relationship depending on the kign. 

* 

As can be seen from Table 4 scores on The Dominion Reading 
Readiness Test, the Metropolitan Achievement Test (both Total and 
the Arithmetic Section scores) and the Mental Section of the Achieve- 
ment ’Questionnaire show a moderate relationship. The value of the 

S' ' 

relationship between the Total score on the Metropolitan Achievement 

Test and the Arithmetic Section of that test is inflated because the 

■# 

latter is a subsection of the former. 

***** 

Of all the measures only the Arithmetic Section of the 

t 

Metropolitan Achievement Test correlates well with the Piaget Number 
Concept Test. This result is not surprising since they both attempt 
? 1^ ifferent wa:ys, to measure number concept ability; the relationship 
does serve to substantiate the results on the Piaget Number Concept Test 

y 
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The negative correlation between the "A"-score of the Piaget Number Concept 

# « 

( 



Test and all other measures is tq be expected since the smaller the "A"i-score 
the better the individual- 1 s mastery of number concepts. 

Also evident in Table 4 is the consistent low correlation 
between age and all other measures used. The highest' correlation exists 
between age and the Dominion Reading Readiness score. These .results v 



are not surprising in view of the fact that age was used as a matching 



factor and the total range in age was one ypar. 
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TABLE 1 



AVERAGES AND "t-TEST" RESULTS OF A COMPARISON OF DIFFERENCES BETWEEN 
THE GROUP® HAVING NUMBER SYMBOLS IN DRAWINGS (Jl8) AND THE GROUP NOT-, 
HAVING NUMBER SYMBOLS IN DRAWINGS (NNS) FOR EACH OF FOUR MEASURES 



Type of Test 
Score Used 


Average Score ■ 
Group NS 
(N = 43) 


Average Score 
Group NNS 
(N = 43) 


t-test 

Value 

• 


Significance 
Level ^ 


Total" Scores 
Metropolitan 
Achievement Test 


200.3953 


-200.9534 


* 

* 

0 . 1298 


3 

ns 


t 

Arithmetic Section 
Score: 

Metropolitan 
Achievement Test 


49.5116 


50.6976 


019653 


* 

ns 


Total Scores 
Piaget Number • 
Concept Test 


• 46 . I 860 


* 

46.3488 


0.1691 


ns 


"A" Score: 
Piaget Number 
Concept Test 


1.9069 

-r 


1.7441 ”... 


0.4327 


ns 



1 ) Analysis performed as t-test of differences between average scores 

for correlated samples (Fergason, 1959 p.138). 

* 

2 ) The level at which a difference in average scores would be accepted 
as reflecting a difference in^number concept understanding (p<.Ol). 

3) ns - not 1 statistically significant 



15 






* 




\ 

- 14 - 



; , , TABLE 2 . 

* . ■ . 1 ♦ » 

.AVERAGES AND • ,, t-TEST n RESULTS FOR A COMPARISON OF DIFFERENCES 
. BETWEEN GROUPS, SEPARATELY FOR MALES AND FEMALES 1 



Type of Test 
Score Used 


Sub- 

grouping 

4 


Average Scorpjteverage Score 
. Group NS 'W Group NNS 
(N =43) . (N .=• 43) 


t-test 

value 


Signif- 

icance 

Level 


• 

Total Score: 




' 


i 






Metropolitan 
Achievement ° 


Male 


197.7826 

p 


197.2173 

/ 


.1012 


ns 


Test ' 


Female 


2 03.4000 


205; 2500 . 


.2724 


ns 


Arithmetic Section 


* 








Score : 

Metropolitan. 


Male 


50.1304 


50;9565 


.5021 


ns 


Achievement Test 


Female 


48.8000 


50.4500 


.8762 


ns 


Total Score: 
Piaget Number 


Male 1 


47.2173 


46.6086 


.6487';. 


ns 


Concept Test 


Female 


45.0000 


46.0500 


.5911 


ns 


!’ A” Score: 
Piaget Number 


Male 


1 .7391 


1.5217 


.4943 


ns 


Concept Test 


Female 


2.1000 


2.0000 


.1656 


' ns 



1 ) Analysis of difference between average 'scores for correlated samples 
(Ferguson, 1959, P.168). ^ ■ 
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TABLE '3 

' ' . ' V * • 

AVERAGES ' AND " t-TEST« RESULTS FOR 'A COMPARISON 
OF DIFFERENCES BETWEEN MALE AND FEMALE 



WITHIN. EACH GROUP FOR EACH OF FOUR MEASURES 



1 



Type of Test 
Score Used 

1 


« 

Group 


Average Score 
Male 
(N = 23) 


Average Score 
Female 
(N = 20) 


t-test 

Value 


- S: 
i< 
Le 


-gnif- 
lance 
svel . 


Tbtal Score:. 
Metropolitan 


NS 


197 .'7826 


O 

VjJ 

• 

fc 

0 

0 


0.5818 


1 


IS 


Achievement 

Test 


NNS 


197. %3 


/ 

205.2500 


0.8535 


ns 


Arithmetic 


, V, 
\ 




« . 








Section Score: 
Metropolitan 


\ 

NS 


50.1304 


48.8000 


0.5762 


1 


is 


Achievement 

Test- 


NNS 


, 50.9565 

/ 


50.4500 


0.2237 


r 


IS 


Total Score: 


NS 


47.2173 


45.0000 


1 .0990 


« ns. 


Piaget Number 
Concept Test 


NNS 

V. 


46.6086 


46.05^ 


0.3204 


ns 


"A" Score : 


NS 


1 .7391 


2.1000 


.6433 


ns 


Piaget Number 
Concept Test 


NNS 


V * 

1 . 521-7 


' 2.0000 


1 .0702 
1 


ns 


$ 

l) Analysis of difference between average 
(Ferguson, 1959, p. 136). , \ 


scores for independent 


samples. 
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DISCUSSION 



> 

The results of this experiment clearly indicate that the 

spontaneous, production ,of number synbols by children in drawings of their 

classrooms does not necessarily indicate later, superiority in number concept 

ability. On the contrary, it is clear from the results that such jlnclusions 

of number symbols be.ar no predictive utility wj.th respect to the development 

* 

of mathematical understanding as reflected by the Arithmetic Section of the 

O' 

Metropolitan Achievement Test or the Piaget Number Concept Test. 

This is not to say that the experimental findihgjj or, for that matter 

# / 

i>he study itself , was useless. In fact, it raises, as well as some subsidiary 

evidence, interesting questions and^jnplications. ThJre is no implication in 

« * » 

these results .that at the time the 'drawings were completed the child who 

* • 

included number symbols did no.t have greater number concept understanding than 
one who did not. The year between drawing completion and testing may have 
proved the equalizer. . * 

It was found that there was no difference between males and females 

in their scores on either of the mathematics tests employed,- suggesting that 

males and females do not differ in their understanding of the concept of number, 

This finding, . although cohsistent with those of Dodwell (1961) and Piaget 

(1952) is contrary' to the popular conception and much 1 experimental evidence 

(e.g. Hughes, 1953* Shaw and McCuen, I960)' that females tend to show higher 

/ * 

achievement performance than their male age-mates. The most common measure > 

f 

of achievement in studies finding this ' superiority has been academic 
performance. Lavin-(l960, p.130), in attempting to explain this difference, 



0 

ERIC 

™ - I TT 

1 



19 



■m 



0 






; o 
ERIC 



- 18 - 






has suggested that: 



"the significance of these findings can be understood"" 
in terms of the variety of differences in attitudes 
and behaviour which result from the fact that males 
and females are socialized differently. Each sex 
must learn to play a different rciie, and the 
attitudes and values associated, with sex-role 
learning may help explain iex differences in academic 
performance.” 



Put another way, the test instrument measures responses which have been 



more strongly ‘ reinforced in girls than in boys. The lack of difference 

aiAd 



'between scores for males and females. In this study wsrafld suggest that the 
test instrument of this study were ^ot subject to this, socialization bias. 

It cannot be argued that, the instruments were simply not sensitive 
to the difference between sexes in number concept ability because the test 
instruments used to measure this ability did so from two very different 
points of view and it was found that both the Arithmetic Section of the 
Metropolitan Achievement Test and the Piaget ’'Number Concept Test were fairly 
highly correlated. 

I 

Also, there was a low correlation between age and the test 

\ 

instruments employed. This result supports the findings of Dodwell (i960, 
1961) and would sUpport^he'conclusion that the stages of number concept 
development are not as clearly or as rigidly age-dependenb as Piaget 
(1952) would suggest. Hi 

In light of -the above findings and the proposed changes in the school 



currjj^ulum (abolition of marks, etc.) it would seem advantageous to use the • 



f 



Piagpt Number Concept Test as an indicator of a child’s readiness to attempt 



mathematical reasoning. If a child of five or six years of age scores high on 

* ' . >, 

the Piaget Number Concept Test then the teacher could initiate instruction, 

with familiar toys, materials, etc* which would develop the child's number 
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concept ability. Such a test would eliminate the reliance on age or grade 

to indicate a child’s readiness to proceed with the mathematical aspect of the 

curriculum and make the initiation of such learning dependent upon the 

individual not the. class. However, it would be necessary to follow up this 

implication with research which substantiates its utility. Some evidence 

(Es.tss, .1956) suggests tluit this point of readiness may be reached when the 

child has learned to count. Estes found that children who could not count 

were unable to perform at a scorable level on experimental tasks similar 
to those, employed by Piaget (1952). " * 

That this experiment found no predictive ^utility in the inclusion 
of number symbols in children’s drawings of their classrooms with respect 
to number concept development does not answer the more general question of 
^/the significance oi) inclusions of number symbols in drawings. What significance, 
if any, is reflectecj^in the fact that some children include number symbols in 
their drawings while others do not? At a surface level the answer would 
most likely be "Nothingl Some children include birds in their drawings and 
others do not - so what?" But this highly technological' society puts high 
value on its primary tools, of which mathematics is one.4 The question remains: 
does the inclusion of number symbols in the drawing^ of children have 
implications for either mathematics achievement or to the understanding of 
cultural influences on the perceptions of children? 



- 20 - 



REFERENCES 



Dodwell, P. Children's understanding of number and related concepts. 

Canad . . J. Psychol . . I960, 1^, 191-205* 

Dodwell, P. Children's under standing, of number goncepts: characteristics 

of an individual and of a group test. Canad. J. Psychol 
1961, 15, 29-36. 



Dodwell, P. Relation between the understanding of the logic of clashes 



and of cardinal number in children; Canad. J. Psvchol . 

16 , 152 - 160 *. " ' ' ■ 



T962, 



Estes, B. W. Some mathematical and logical concepts in children. J.i Genet. 

Psvchol ... 1956', 88 , 219-222. . ; , ' 

• r * * 

Ferguson, G. A. Statistical Analysis in. Psychology and Education . New Yorks 
McGraw-Hill Book Co., Inc.,' 1959. 

* * 
Hollingshead , A. B. and Redlich, P. C. Social Class -and Mental' Illness: 

A Community Study . . New Yorks Wiley, 1958. • * 

• ( . | ■ * 

Hughey Mildred C . , Sex differences in reading achievement in elementary 

grades. Suppl. Ed. Mono .. 1953, No. >77, 102-106. t . 

Lavin, D. E. The Prediction of Academic Performance . New York: Russell Sage 
Foundation, 1.965. . ^ 

, V ... 

Palmer, J. The effects of junior kindergarten on achievement: the first five 

years. Research Department, Toronto Board of Education, 1966. 

Piaget, J. The Child's Conception of Number . Published in French, 1941 > 

■ (trans.) C. Gattegno and F. M. Hodgson. London: Routledge and 
Kegan Paul, 1952. # 

Shaw, K. 'C., and McCuen, J. tJ The onset of acaddmic underachievement in 
I . bright children. J. Ed. Psvchol. '. 196.0. *51 . 103-108. 



r 



07 



r . 



